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 Abstract- Resistance of Streptococcus pneumoniae against penicillin is considered to be of great 
importance. While low-resistant strains could be treated by penicillin, treatment of highly resistant 
strains is very difficult and needs broad-spectrum antibiotics.  This study was performed in Imam 
Khomeini Medical Center, Tehran, Iran, from 1999 to 2001 to evaluate pneumococcal resistance against 
penicillin and some other antibiotics. Specimens were collected from different hospitals. Samples were 
cultured and resistance of S. pneumoniae against selected antibiotics was determined. The main aim of 
this study was to measure minimum inhibitory concentration (MIC) and the minimum bactericidal 
concentration (MBC), using serial dilution method. Disc diffusion method was also performed to be 
compared with the main procedures (MIC and MBC), on 66 strains obtained from 100 clinical 
specimens. Five different antibiotics (penicillin, cefazolin, ampicillin, amoxicillin and vancomycin) 
were employed in this study.  In the case of penicillin, 47 sensitive strains and 19 highly resistant strains 
were obtained. No intermediate or low-resistant strain was found. The frequency of resistant strains 
against other antibiotics was found to be 10.6%, 7.5%, 18.1% and 0%, respectively. All strains were 
sensitive to vancomycin except for a low resistant one. Care should be taken to choose a suitable drug 
when being faced with a resistant strain. Vancomycin can be used with confidence to cure infections induced 
by penicilin-resistant S. pneumoniae. 
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INTRODUCTION 

 
 Infectious diseases such as meningitis, otitis 

media, sinusitis and septic arthritis are mostly caused 
by Streptococcus pneumoniae. In United States, there 
are 3000 cases of meningitis, 50,000 bacteremia, 
500,000 pneumonia and seven millions cases of otitis 
media per year caused by S. pneumoniae (1). The 
invasive diseases caused by these bacteria are found  
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to be very important, particularly in the areas where 
prevalence of Hemophylus influenza type b is    
markedly reduced by immunization (2).For many 
years, penicillin was used as the treatment of choice 
for pneumococcal infections. But in 1967 the first 
penicillin resistant strain was seen in Australia (3) 
and frequency of resistant strains has risen steadily 
since then. In Canada, penicillin-resistance of this 
microorganism increased from 1977 to 1990, so that 
it reached up to 1.5% in Ontario, 2.4% in Alberta and 
1.3% in Quebec (4).  Another study in Belgium 
revealed that the resistance of these bacteria to 
penicillin from 2.3% in 1993 increased to 7.6% in 
1994 (5). One study in Brazillia showed that the 
pneumococcal resistance to penicillin increased from 
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9.6% in 1993 to 20.6%, in 1996 (6).  
  The problem of bacterial resistance is more 
prominent among children and it is therefore 
recommended that health care centers arrange for 
further vaccination of the children against S. 
pneumoniae (7). Multiple drug resistance of these 
bacteria is another important problem (8-12). In a 
study by Thornsberry et al. S. pneumoniae showed a 
significant resistance against all but 3 from a total of 
26 antibiotics under investigation (13). Other studies, 
based on results of microbiological examinations, 
show that the frequencies of penicillin-resistant 
strains are increasing in different parts of the world 
(14-19). The performance of the susceptibility test is 
therefore recommended (20).  

In our previous study, we found 40 
pneumococcal resistant strains against penicillin in 
patients referring to Central Laboratory, Imam 
Khmeini Medical centre, in Tehran (21).  In present 
study the resistance, as well as the minimum 
inhibitory concentration (MIC) and the minimum 
bactericidal concentration (MBC) of selected 
antibiotics, were eva1uated on strains of S. 
pneumoniae.  

 
 
 MATERIAL S AND METHODS 
 

 This work was carried out in Central Laboratory 
Imam Khomeini Medical Center, Tehran, Iran. 
Samples obtained from more than one hundred 
patients referred to different hospitals in Tehran from 
1999 to 2001. These samples were cultured and the 
bacteria were determined using different criteria such 
as morphology, presence of capsules, hemolysis, 
susceptibility to optochin and bile solubility (5,6).  

  There are different criteria by which high 
resistance, intermediate resistance and sensitive states 
can be evaluated. Generally, strain is considered 
highly resistant to penicillin when the MIC is equal 
or more than 2.0 microgram/ml, intermediately 
resistant when MIC is 0.12 to 1 microgram/ml and 
sensitive when MIC is less than 0.12 microgram/ml 
(22). MIC and MBC were determined by serial 
dilution method, using modified Muller Hinton broth 
(Antec Co. U.K), which contains the ions necessary 
for bacterial growth. We selected penicillin, 

ampicillin, cefazolin, amoxicillin and vancomycin 
(Bristol Co. U.K.) in this study.  

 Suspensions of bacteria, equal to 0.5 McFarland 
standard tube were made and one ml of their 1/100 
dilution was added to each tube, containing the serial 
diluted antibiotic. After a period of 24 hour 
incubation, the tubes were observed for any turbidity 
and the first clear tube was accepted as MIC.  

 Bacterial samples of all tubes containing the clear 
solutions were cultured on chocolate agar and the test 
for colony count was performed. The number of 
colonies was compared with the colony count of the 
appropriate tube with original dilution. The minimum 
concentration of antibiotic that let the growth of less 
than 0.1 % of bacteria was accepted as MBC (3,4).  

 The comparison of MIC results with antibiotic 
susceptibility by disc diffusion method was carried 
out, using antibiotic discs (Padtan Teb, Tehran, Iran). 
Bacterial suspensions with the turbidity equal to 0.5 
McFarland (tube no. 1) were made and used for the 
test. Chocolate agar media, cultured with bacterial 
suspensions were incubated at 37°C for 24 hours. The 
diameter of inhibited zones was then measured.  

 
 

 RESULTS 
 
 During the present study 66 strains of S. 

pneumoniae were isolated from 100 different clinical 
specimens (Table 1). The results of bacterial 
resistance against 5 different selected antibiotics, 
evaluated by disc diffusion technique and serial 
dilution method, are shown in tables 2 and 3.  

Based on disc diffusion technique, 75.7% of 
strains showed sensitivity to penicillin, whereas 
frequency of sensitive strains by serial dilution 
method was 71.2% (MIC<0.12 mg/ml). 

 

Table 1. Absolute and relative frequency of isolated strains 

 Samples  Number Percentage 

Blood 36 54.5
 CSF  12 18.2 
 Sputum  7 10.6 
 Body fluids  6 9.09 
 Eye  4 6.06 
 Foot wound  1 1.5 

 Total  66 100 
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 Table 2. Absolute and relative frequency of sensitivity of strains by disc diffusion technique 

Sensitive  Intermediate  Resistant 

 Antibiotic   Number %  Number %  Number % 

 Penicillin  50 75.7  4 6.06  12 18.1 

 Cefazolin  53 80.3  6 9.09  7 10.6 

 Ampicillin  55 83.3  6 9.09  5 7.5 

 Amoxicilin  48 72.7  6 9.09  12 18.1 

 Vancomycn  65 98.4  1 1.5  0 0 

  
 

 Table 3. Absolute and relative frequency of sensitivity of strains by serial dilution method, as obtained from the results of MIC* 

Sensitive  Intermediate  Resistant 

 Antibiotic  Number %  Number %  Number % 

 Penicillin 47 71  0 0  19 28.78 

 Cefazolin 44 66.6  7 10.6  15 22.7 

 Ampicillin 55 83.3  6 9.09  5 7.5 

 Amoxicillin 48 72.7  6 9.09  12 18.1 

 Vancomycin 65 98.4  1 1.5  0 0 

 Abbreviation: MIC, minimum inhibitory concentration. 

* Results of MIC and MBC were almost identical, except for cefazolin. 

 
Table 4. Absolute and relative frequency of sensitivity of penicillin-resistant strains by serial dilution method, as obtained from the 
results of MIC*  

Sensitive  Intermediate  Resistant  

 Antibiotic   Number %  Number %  Number % 

 Cefazolin  0 0  2 10.5  17 89.4 

 Ampicillin  3 15.7  2 10.5  14 73.7 

 Amoxicillin  1 5.2  1 5.2  17 89.4 

 Vancomycin  18 94.7  1 5.2  0 0 

Abbreviation: MIC, minimum inhibitory concentration. 
* Results of MIC and MBC were almost identical, except for cefazolin. 

 
More than 98% of strains were sensitive to 

vancomycin in both serial dilution and disc diffusion 
techniques. Resistance of penicillin resistant strains 
against other antibiotics was also evaluated. The 
results of this evaluation are shown in table 4.  

 
 

DISCUSSION 
 
 Penicillin has been considered to be the treatment 

of choice for infections caused by S. pneumoniae for 

many years. The first resistant strain was reported in 
1967 and since then frequency of resistant strains of 
this bacteria is increasing each year (3-6,14-19), not 
only against penicillin, but also against many other 
antibiotics (13).  

 In Iran, evaluation of penicillin resistance of this 
bacteria has not gained much favor. This work is 
therefore carried out to assess the rate of 
pneumococcal resistance in various infections. In the 
present study comparison of the disc diffusion 
technique with the serial dilution method revealed 
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that results of disc diffusion method  and MIC are 
more compatible in case of penicillin and 
vancomycin, as compared to ampicillin, amoxicillin 
and cefazolin. Because of being more practical, rapid 
and easier, disc diffusion technique is more suitable 
for routine laboratory works in evaluating the 
sensitivity of S. pneumoniae.  In this study results 
indicated that among antibiotics which are effective 
against S. pneumoniae, cefazolin has the lowest MIC. 
 Vancomycin appears to be a suitable substitution for 
penicillin. The results obtained from vancomycin 
were interesting. Antibiotic discs of vancomycin 
showed that there was only one intermediate resistant 
strain among 66 studied S. pneumoniae strains, and 
about 98% of strains were susceptible to vancomycin. 
The same result was also shown in another study 
(23). Schwartz and Tunkle used vancomycin with or 
without rifampicin as a therapeutic protocol against 
meningitis caused by penicillin-resistant S. 
pneumoniae (24).  

  Bacterial resistance pattern in this study shows 
that nowadays the resistant strains are more 
frequently isolated from clinical samples. Hence care 
should be taken to choose a more suitable drug when 
there is a possibility of being faced with a resistant 
strain. We conclude that vancomycin can be used 
with confidence to cure an infection induced by 
penicilin-resistant S. pneumoniae.  
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